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OUTBOARD MOTOR EXHAUST SYSTEM l* a first embodiment a mail, exhausH»ssage is defined 

uuiiHJAKLr ivwivri* «^«~v> ^ ^ cylinder head of each bank and extends along the 

FIELD OF THE INVENTION length of the engine within the vaUey between the banks. 

, . . An exhaust passage extends from each combustion chara- 

Tne present invention relates to an engine of the type ^ c ^ (owards ^ vallcy to its rcspec- 

utilized to power an outboard motor. More particularly, the ^"^^^ J ^ main exhaust passages 

invention is an exhaust system for a "V-typc engine. ^ g ^o a Se passage for routing exhaust from *e 

BACKGROUND OF THE INVENTION motor. 

* In one arrangement the main exhaust passages merge at 

Outboard motors which are used to propel watercraft arc M ^ ^ of ^ ^ arrangement the main 
Positioned at the stem of the walercraft generally attached passages merge generally centrally along the length 
to the transom. These motors comprise a cowling in which ^ ^ fo yct aDOthcr arrangement, the engine is 
is positioned an internal combustion engine. The engine is connccta j at onc cod t0 an cxhaust guide having a pair of 
arranged to drive a water propulsion device of the motor. passages corresponding to the main cxhaust pas- 
such as a propeller. ,5 $agcs Thc cxhaus t passages in the exhaust guide merge into 

The motor is connected to the watercraft in a manner a $ifl&Ic exhaust passage. The main exhaust passages and thc 

which permits the motor to turn from side-to-side about a cx haust passages in the exhaust guide are connected with a 

vertically extending axis for use in steering the watercraft In fl cx jb| c hose. 

additiou. thc motor is tillable about a generally horizontal fa another embodiment, an exhaust passage extends from 

axis for use in trimming the motor. 20 cacri combustion chamber of each bank inwardly towards 

Because the motor is movably mounted to thc craft, it is ^ va li e y between the banks. A single main exhaust passage 

desirable for the motor to be as small as practical If thc is preferably positioned within an exhaust manifold which 

14 motor extends far beyond the rear of thc watercraft. its extends along the length of the engine within the valley 

Q center of gravity is far offset from die horizontal axis about between the banks. The exhaust passage from each com- 

Jt which h tilts, making it very difficult to tilt thc motor. In 25 bustion chamber preferably extends to a branch passage in 

Q addition, moving the center of gravity of thc motor far from mc manifold leading to the main passage, 

ffj the stem of the watercraft affects thc dynamics of thc ^ OQC arrangement of this embodiment a starter motor 

ffj watercraft for the engine is positioned in an otherwise empty space in 

%, To make thc motor small, the cowling in which the engine mc valley between the manifold, cylinder block and cylinder 

Hh is positioned is small. This requires thc engine to be small to 30 beads. In another arrangement the exhaust manifold has 

|4 fit within the cowling. The tight confines within the cowling slanted mounting surfaces which engage slanted surfaces of 

** have resulted in past engine designs suffering from several Ac cylinder heads, whereby the manifold sits deep within 

^ drawbacks. the valley between the banks. 

s In general, these engines are arranged so that its crank- ij, another cmrxniiment a main exhaust passage extends 

P shaft extends vertically and in driving relation with a ver- 35 through the valley between the banks. The cxhaust passage 

S . ricaUy extending drive shaft The drive shaft drives the from each combustion chamber curves inwardly to the main 

3 y propulsion device of the motor. The drive shaft can only be exhaust passage. A main oil gallery is also positioned in the 

Q positioned so close to the end of the watercraft That portion valley, but is separated from the main cxhaust passage by a 

y of the engine opposite the crankshaft then extends outwardly ^ coolant passage. 

* in the direction opposite thc watercraft In 0QC arrangement of mis embodiment a coolant jacket 

Q In order to reduce the distance between the rear end of thc surrounding the main exhaust passage is formed with a 

Pfj engine and the crankshaft, the features of the engine may be coolant jacket surrounding each combustion chamber. In 

made smaller. For example, the size of the cxhaust pipe another arrangement, the wall of the cylinder block arc made 

extending along thc rear end of thc engine may be reduced. <$ thin by removing cylinder liners, allowing for an enlarged 

This, unfortunately, reduces engine performance. cxhaust passage in the valley. 

In addition, with the engine so compactly arranged to fit Further objects, features, and advantages of the present 

within the cowling, heat build-up often affects the lubricat- invention over thc prior art will become apparent from the 

ing system. This is especially true when the lubricant palh(s) detailed description of the drawings which follows, when 

and cxhaust passage must be located near one another in the ^ considered with the attached figures, 

small areas within the cowling which thc remainder of the BRIEF DESCRIPTION OF THE DRAWINGS 

engine does not occupy. FIG 1 is a side view of an outboard motor powered by an 

An improved exhaust system arrangement for an outboard ^ m phantom, the motor having an exhaust 

motor powered by an internal combustion engine is desired. & with a ^ embodiment of the present 

SUMMARY OF THE INVENTION 55 invention; 

FIG 2 is a cross-sectional side view of a portion of thc 

In accordance with the present invention, ^ «s pro- . ^strated in FIG. 1; 

vided an unproved exhaust system for an outb^d^or ^ cross-sectional view of a portion of the engine 

powered by an internal combo sUc>o engine. In ^oeral^c rf mc M „ io nG . 1 and 

exhaust system is arranged so that the motor remains small 60 ana - 

and yet exhaust flow is not inhibited and the lubricating that portion of the engine therein, 

system for the engine is not undesirably affected. FIG. 4 is a cross-sectional view of a "wer^onof 

Preferably, the engine with which thc cxhaust system is motor illustrated in FIG I. illustrating a profiler ^acof 

utilized is £ the "V^type. having first bank and second FIG. 5 is a cross-sectionai top view of the engine of thc 
banks each defined by a cy Under head connected to a £5 motor illustrated in FIG. I, 

cylinder block. Each bank contains at least one combustion FIG. 6 is a rear view of the engine of the motor illustrated 

chamber, and the banks define a valley therebetween. in FIG. 1. illustrating an exhaust arrangement thereof; 
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FIG. 7 is a first side view, in partial cross-section, of the 
engine illustrated io FIG- 1. illustrating an intake system 
thereof; 

FIG. 8 is a front view of the engine of the motor illustrated 
in FK5. 1 illustrating the intake system; 5 

FIG. 9 is a rear view of an engine of a motor having an 
exhaust system in accordance with a second embodiment of 
the present invention; 

FIG. 10 is a cross-sectional side view of an engine of a 
motor having an exhaust system in accordance with a third io 
embodiment of the present invention; 

FIG. 11 is a rear view of the engine illustrated in FIG. 10; 

FIG. 12(a) is an enlarged cross-sectional view of a 
connection between a portion of the engine illustrated in 
FIG. 10 and an exhaust guide of the motor, " 

FIG. 12(b) is a front view of the connection illustrated in 
FIG. 12(a); 

FIG. 13 is a side view of an outboard motor powered by 
an engine, illustrated in phantom, and having an exhaust 
system in accordance with a fourth embodiment of the 
present invention; 

FIG. 14 is a cross-sectional side view of the engine 
illustrated in FIG. 13; 

FIG. 15 is a cross- sectional view of a middle portion of ^ 
the motor illustrated in FIG. 13. including that portion of the 
engine therein; 

FIG. 16 is a cross-sectional view of a lower portion of the 
motor illustrated in FIG. 13; 

FIG. 17 is a cross- sectional top view of the engine ^ 
illustrated in FIG. 13; 

FIG. 18 is a rear view of the engine illustrated in FIG. 13 
and illustrating die exhaust system thereof; 

FIG. 19 is a cross- sectional view of a connection of a 
portion of the engine illustrated in FIG. 13 and an exhaust 35 
guidie of /the motor, 

FIG. 20 is a cross-sectional top view of an engine of a 
motor having an exhaust system in accordance with a fifth 
embodiment of the present invention; 

FIG. 21 is a cross-sectional side view of the engine «o 
illustrated in FIG. 20; 

FIG. 22 is a cross-sectional top view of an engine of a 
motor having an exhaust system in accordance with a sixth 
ernbodiment of the present invention; FIG. 23 is a side view 
of an outboard motor powered by an engine illustrated in 45 
phantom, and having an exhaust system in accordance with 
a seventh ernbodiment of the present invention; 

FHj. 24 is a cross -sectional side view of the engine 
illustrated in FIG. 23; ^ 

FIG. 25 is a cross-sectional view of a middle portion of 
the motor illustrated in FIG. 23; 

FIG. 26 is a cross-sectional view of a lower portion of the 
motor illustrated in FIG. 23; 

FIG. 27 is a cross-sectional top view of the engine 55 
illustrated in FIG. 23; 

FIG. 28 is a rear view of the engine illustrated in FIG. 23. 
illustrating the exhaust system; 

FIG. 29 is a side view, in partial cross-section, of the 
motor illustrated in FIG. 23. iUustrating an intake system 60 
and a portion of a fuel system of the engine; 

FIG. 30 is a front view of the engine illustrated in FIG. 23. 
illustrating an intake system and a portion of the fuel system 
thereof; 

FIG. 31 is a cross- sectional top view of an engine of a 65 
motor having an exhaust system in accordance with an 
eighth embodiment of the present invention; 



FIG. 32 is a cross-sectional top view of an engine of a 
motor having an exhaust system in accordance with a ninth 
embodiment of the present invention; and 

FIG. 33 is a coolant path flow diagram for the engine of 
the motor illustrated in FIG. 23. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 
INVENTION 

In accordance with the present invention, there is pro- 
vided an outboard motor 20 powered by an engine 22 and 
having an improved exhaust system in accordance with the 
present invention. In general, the exhaust system is arranged 
so that the outboard motor remains small in size, does not 
inhibit the flow of exhaust and does not affect the lubricating 
system detrimentally. 

As illustrated in FIG. 1. the outboard motor 20 is of the 
type utilized to propel a watercrafl 24. The outboard motor 
20 has a powerhead area 26 comprised of a lower tray 
portion 28 and a main cowling portion 30. The motor 20 
includes a lower unit 34 extending downwardly from the 
cowling portion 30. The lower unit 34 comprises an upper or 
"drive shaft housing" section 38 and a lower section 40. 

The powerhead area 26 of the motor 20 is connected to a 
steering shaft (not shown). The steering shaft is supported 
for steering movement about a vertically extending axis 
within a swivel or steering bracket 44. The swivel bracket 44 
is connected by means of a pivot pin 46 to a clamping 
bracket 48 which is attached to a transom portion 32 of a hull 
36 of the watercraft 24. The pivot pin 46 permits the 
outboard motor 20 to be trimmed and tilted up about the 
horizontally disposed axis formed by the pivot pin 46. 

Referring to FIGS. 1. 2 and 5. the power head 26 of the 
outboard motor 20 includes the engine 22 which is posi- 
tioned within the cowling portion 30. The engine 22 is 
preferably of the six-cylinder, four-cycle variety, and is 
arranged ina"V" fashion. In this arrangement the engine 22 
has a cylinder block 52 with a first cylinder head 53 and a 
second cylinder head 54 connected thereto and cooperating 
therewith to define first and second cylinder banks 55. 57. 
Each bank preferably defines three cylinders 59. each having 
a combustion chamber 58. As may be appreciated by those 
skilled in the art. the engine 22 may have a greater or lesser 
number of cylinders, such as two. four, or eight or more. 

As illustrated in FIG. 5. a piston 66 is movably positioned 
in each cylinder 59. each cylinder lined with a cylinder 
sleeve 51. Each piston 66 is connected to a connecting rod 
68 extending to a vertically extending (ic. along a vertical 
axis "V" as illustrated in FIG. 1) crankshaft 56. Referring to 
FIG. 2. the crankshaft 56 is connected to a top end 65 of a 
drive shaft 60 which extends downwardly through the lower 
unit 34. where it drives a bevel gear and a conventional 
forward-neutral-reverse transmission 61. A control (not 
shown) is preferably provided for allowing an operator to 
remotely control the transmission from the watercraft 24. 

The transmission drives a propeller shaft 63 which is 
journalled within the lower section 40 of the lower unit 34 
in a known manner. A hub 62 of a propeller 64 is coupled to 
the propeller shaft 63 for providing a propulsive force to the 
watercraft 24 in a manner well known in this art. 

The crankshaft 56 is journalled for rotation with respect to 
the cylinder block 52. A crankcase cover 67 engages an end 
of the block 52. defining therewith a crankcase chamber 69 
within which the crankshaft rotates. The crankcase cover 67 
may be attached to the cydinder block 52 by bolts 71 or 
similar means for attaching known to those skilled in the art. 



«J^L therefrom. Preferably, each surge tank 76 has a alignment with the passage 12* .The ^exhaust pipe 126 

^e branche?7?exteDdin g therefrom, one for each cylinder terminates within a chamber of a muffler 128. 

^aS^ herring ^ to . *7p" ^KL' 

cyUnder head 5354 to one of the combustion chambers 58. within the lower unit 34 and between the dnvc shaft 6* and 
Refe^rL still to FIG. 5. means arc provided for control- 10 a cooling liquid return. An exhaust gas outlet "provided in 

fcj tTK oi ak kto each ctunbusiion chamber 58. the bottom end of the muffler 128 though winch the 

Prrferabl^ I mea^s comprises at least one intake valve 82 exhaust gas is routed (in the direction of arrows ^ through 

^SX^^^ 80. As illustrated, all the hub 62 of the propeller 64 tc pom. external of the motor 

of the intake valves 82 for each bank of cylinders are 20, as best illustrated in FIG. 4. 

preferably actuated by a single intake camshaft 84. The 13 A fuel delivery system is provided for delivering fuel to 

intake camshaft 84 is mounted for rotation with respect to its each combustion chamber 58 for combustion therein. The 

respective cylinder head 5354 and connected thereto with at f uc | delivery system preferably includes a fuel tank (not 

least ooe bracket . Each intake camshaft 84 routes within an shown) and a fuel pump (not shown) for pumping fuel from 

enclosure defined by the respective cylinder head 54. 55 and mc and delivering it to each combustion chamber 58. 
a camshaft cover 88 connected thereto. 20 preferably, the fuel is injected into the air stream flowing 

In particular, each valve 82 has a head which is adapted through each passage 80 with a fuel injector 114 (see FIG. 

for seating against a valve seal 79 in the passage 80. and a $y 

stem extending from the head through a valve guide 81 to a M fccsl in jtjq 2. a throttle 116 is provided for 

follower 83. A spring 85 is positioned between the follower CODm >lliiig mc flow 0 f & i nto the combustion chambers 58. 

83 and a portion of the cylinder head 53. 54 for biasing the 25 MaM ^ tbc foo^e 116 comprises a moveable plate 
valve 82 upwardK into a closed position. positioned" within air intake pipe 74. The throttle 1 16 is 

—5T An exhaust sy/tem is provided for routing the products of £ ntAM a cable by the operator of the 

/combustion wfchin the combustion chambers 58 to a point L f ^L ra J L 

ReferriW still to FIG. 5. means are also provided fa ignition system forms no part of the present invention, such 

con^S^ow or^aus, fromead, combustion cham- is no. described in detail herein. Tire igmtion system may 

ber 58 to its respective exhaust passage 99. Preferably, this „ include a spark plug for use .n igmhng the air and fuel 

means comprised least one eriaus, valve 96. like me mixture within ead. combushon chamber 58. A mounting 

intake valv«82. the exhaust valves 96 of each cylinder bank hole or bore 129 is provided in the cyUnder head 53. 54 

are preferably all actuated by a single exhaust camshaft 98. cocresponding to each combustion chamber 58 for the spark 

f!j Each exhaust camshaft 98 is journaUed for rotation with plug. % 

ri respect to its respective cylinder head 5455 and connected «, A cooling system is provided for cooling the engine 22. 

H thereto with at least one bracket. Each exhaust camshaft 98 Referring to FIG. 1. cooling liquid, preferably water from 

H> is enclosed within the camshaft cover 88. the body of water in which the motor 22 is positioned, is 

Q As with the intake valve 82. each exhaust valve 96 pumped by '^W^^,i°^ v ^ 

n) preferably includes a head f ee selective positioning against through a water inlet 131.TT*pump 139»s 

! M ™ valve seat 95 in the passage 99. A stem extends from the 45 by the drive shaft 69. and cxp<ls the coolmg hquid upwardly 

head of the valve 96 through a valve guide 97 in the cylinder through a cooling liquid pipe 132. This cooling liquid passes 

head 53. 54. A follower 99 is positioned at the cyposite end into a cooling jacket 133 surrounding the exhaust passages 

of me stem fa engagement by the camshaft 98. A spring 191 92 (FIG. 2) and men is guided into a number of cooling 

U portioned beS the follower 99 and me cylinder head liquid passages 135 throughout f.^** 

53 54 for biasing the valve 9* into its closed position. 50 (FIG. 5) and then to coolant jackets 137 around the cylinders 

As best illustrated in FIGS. 1 and 2, means are provided 59 in the cylinder block 52. 

for driving the camshafts 84. 98. Preferably, a loomed gear The cooling liquid is preferably rooted to » 

192 is mounted near a top end of the crankshaft 56 posi- vertically extending return passage 139 ttac»gh *e cylinder 

tioned within a chamber famed by the cylinder block 52 and Week 52 (illustrated schernadcally u , FK3. I V fa draining 

atimingchain cover l«3.andjust below a flywheel 194 also 55 the coding liquid to the bottom of the engine A The 

positioned on the crankshaft 56. An exhaust camshaft gear coolant is then split A first amount of coolant K directed Ito 

(not shown) is positioned on each exhaust camshaft 98. and a coolant pool 140 sturounding an od te^r^ or pan 134 

an intake camshaft gear (not shown) is positioned on each and another pool 141 near the muffler 128. When the bqmd 

intake camshaft 84. A timing chain 119 extends around the level in the pool 141 becomes to high, the cooling liquid runs 

timing belt pulley 192 and die exhaust and intake camshaft 60 over an overflow ledge or weir to a passage leading .to a 

geTs conespooding to the cyUnder banks. By this dram The cooling liquid diverted to the dram ,s discharged 
arrangement, the camshaft 56 indirectly drives tbc camshafts from the motor. 

84 98 One or more idler gears 108 may be provided fa The remaining amount of coolant is directed around me 
routing the chain. exhaust pipe 126 fa cooling K. This coolant then flows into 

The flywheel 104 is preferably maintained in position on 65 the muffler 128. where it is mixed with the exhaust ga^ The 
the end of the crankshaft 56 with a nut 105. The flywheel coolant is carried with the exhaust gas through the propeller 

104 is preferably positioned under a flywheel cover 197. hub 62 discharge back to the body of water. 
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A thermostat (not shown) may be provided for selectively 
controlling the flow of cooling liquid through one or more 
portions of the engine 22. as known to those skilled in the 
art In addition, a pressure relief valve (not shown) may be 
provided for diverting cooling liquid from the engine in the 5 
event the cooling liquid pressure exceeds a predetermined 
amount. 

Preferably, the engine 22 includes a lubricating system for 
providing lubricant to the various portions of the engine in 
accordance with the present invention. As illustrated in 10 
FIGS. 2 and 3. the lubricating system includes the oil 
reservoir 134 positioned below the engine 22. The reservoir 
134 is in communication with an oil pump 136 via a suction 
tube 138. The oil pump is drivingly positioned on the end of 
the crankshaft 56 at the bottom of the engine 22. Seals 127 1* 
are provided for sealing the oil pump with respect to the 
remainder of the engine 22. The oil pump draws lubricant 
from the reservoir 134 and then delivers it through a 
connecting passage 140 and on to a main gallery 142. 
Branch passages 144 extend from the main gallery 142 for 20 
providing lubricant to crankshaft bearings and the like. 

The engine 22 may include additional features such as a 
starter motor 146 and an alternator 148. Preferably, the 
starter motor 146 is positioned for engagement with the 
flywheel 104 for use in starting the engine 22. as is well 25 
known to those skilled in the art 

The alternator 148 is preferably utilized to produce elec- 
tricity for firing the spark plugs and similar functions. The 
alternator 148 is run by a belt 150 which is driven by a pulley ^ 
mounted on the end of the crankshaft 56 just below the 
flywheel 104. as best illustrated in FIG. 2. 

The motor 20 includes ao improved exhaust system in 
accordance with the present invention. As disclosed above, 
exhaust is routed through a passage 90 from each cylinder 59 35 
in a cylinder head 53. 54 to a main exhaust passage 92 
corresponding to each bank 55. 57. Thus, there are two 
passages 92. one for each bank 55. 57. 

As best illustrated in FIG- 6. each passage 92 is positioned 
within a portion of the cylinder head 53. 55 which extends ^ 
outwardly into the valley generally between the cylinder 
banks. The passage 92 joins with each passage 90 (each of 
which extends in the direction of the valley) corresponding 
to its respective bank 55. 57, and extends generally verti- 
cally downward through the valley, with its respective head 45 
53.54. 

At the bottom of the engin/22. the passages 92 extend to 
a generally horizontal exjfeust passage portion 152. The 
generally horizontal exhaust passage portions 152 corre- 
sponding to the exhaust system of each bank 55. 57 then 50 
merge and lead to/the singular passage 124 through the 
exhaust guide \j£ 

FIG. 9 illustrates a second exhaust arrangement in accor- 
dance with the present invention. This arrangement is some- 
what similar to the embodiment described above, and in the 55 
description and illustration of this embodiment, like parts 
have been given like numerals to those utilized in the 
description and illustration of the embodiment above, except 
that an "a" designator has been added thereto. 

In this arrangement the main exhaust passage 92a cor- 60 
responding to each bank 55a, 57a is generally ~E~-shaped. 
having legs extending outwardly to each passage 90a from 
the respective cylinders in its bank. The generally horizontal 
exhaust passage portion 152a extends from a center portion 
of the main exhaust passage 92a. These passages 152c 65 
extend into the valley between the banks and join at a single 
main passage 154a which extends through the valley to the 



bottom of the engine. There, the single passage 154a joins 
the passage 124a through the exhaust guide 122a. 

FIGS. 10 and 11 illustrate a third exhaust arrangement or 
embodiment in accordance with the present invention. This 
arrangement is somewhat similar to the embodiments 
described above, and in the description and illustration of 
this embodiment, like parts have been given like numerals to 
those utilized in the description and illustration of the 
embodiments above, except that a *V designator has been 
added thereto. 

This arrangement is similar to that illustrated in FIGS. 
1-8. in that the main exhaust passages 92b extend generally 
vertically downward through the valley to the bottom of the 
engine. In this case, however, each passage 92b joins a 
passage 1246 through the exhaust guide V22b (i.e. there arc 
two passages 1246). Then, the exhaust pipe 1266 is gener- 
ally "T"-shapcd At its top end. each branch of the *T" of the 
exhaust pipe 1266 extends to one of the passages 1246. The 
exhaust pipe 1266 accumulates the exhaust from each pas- 
sage 1246 and routed it through a single passage into the 
muffler. 

FIGS. 12(a) and 12(6) illustrate a particular arrangement 
for joining the exhaust passages 926 to the passages 1246 
through the exhaust guide 1226. and for permitting coolant 
to flow from the supply pipe 1326 into the cooling jacket 
1336. 

As illustrated, a wall portion of each cylinder head 536. 
546 defining the exhaust passage 926 extends to meet an 
upwardly extending collar member 1556 attached to the 
exhaust guide 1226 defining the exhaust passage 1246. To 
provide a sealing arrangement between these two parts or 
walls, a rubber sleeve 1566 flexible hose or similar member 
extends around the outside of each wall portion and across 
the gap between the two members. A steel band 1586 
extends around the outside of the sleeve 1566 at its top and 
bottom, the band tightened thereabout with at least one 
fastener 1606. Of course, similar means may be provided for 
sealingly joining the two exhaust passages 92c. 124c, as may 
be contemplated by those skilled in the art. 

Similarly, another wall portion of the cylinder head 536, 
546 extends to meet a mating collar member 1506 attached 
to the exhaust guide 1226 (this collar 1596 having a larger 
diameter than the other collar 1556. and therefore extending 
about the outside of the first collar 1556). A flexible rubber 
sleeve 1576 extends around the outside of these wall por- 
tions at their junction, thus providing a dosed fluid path 
from the supply pipe 1326 into a passage 1626 in the exhaust 
guide 1226. and thereon into the coolant jacket 1336. 

FIGS. 13-19 illustrate a fourth embodiment exhaust 
arrangement in accordance with the present invention. This 
arrangement is somewhat similar to the embodiments 
described above, and in the description and illustration of 
this embodiment, like parts have been given like numerals to 
those utilized in the description and illustration of the 
embodiments above, except that a 4 *c" designator has been 
added thereto. 

In this embodiment the exhaust passages 90c lead from 
each combustion chamber 58c through the cylinder head 
53c. 54c to an exhaust manifold 164c. The exhaust manifold 
164c has branch passages 92c which extend from a main 
passage 166c. A branch passage 92c extends from the main 
passage 166c to meet a corresponding passage 90c. 

Preferably, the exhaust manifold 164c connects or joins to 
the cylinder heads 53c. 54c at a mounting surface "M" as 
illustrated in FIG. 17. In this embodiment the mounting 
surfaces **M" corresponding to the mounting of the exhaust 
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manifold 164c to each head 53d. 544 are in a common plane Preferably, the pumped fuel is passed through a filter 176/ 

As illustrated Id FIG. IS. one or more bolts 168c are utilized positioned along the line 17^. 

, . , ^ . n separator 178/. After separation of air from the fuel, a high 

THe ejection of ^thc ^cr end of me U4c to ^ ^ but preferably positioned within 

the exhaust guide 122c is best illustrated in FIGS. 18 and 19. S eparato7l78/) delivers fuel under high pressure to a 

Preferably, a flexible connection is provided between the Assure fuel line 180f.This line 180/leads to a fuel rail 

exhaust guide 122* and exhaust manifold 164c in a manner Responding to a first cylinder bank 55/ A line 185/ 

similar to that illustrated in FIGS. 12(a) and 17(b). as cxlcn ds from mc opposite end of this fuel rail 182f to a first 

illustrated in FIG. 19. C nd of a fuel rail 183/ corresponding to the other cylinder 

PIGS 20 and 21 illustrate a fifth embodiment exhaust 10 bank 57/ Fuel passes from each rail 182/" through a passage 

arrangement in accordance with the present invention. This 184/^ extending therefrom to each fuel injector 114/: 

arrangement is somewhat similar to the embodiments Fuel which is supplied to the fuel rails 182/1 183/but not 

described above, and in the descriptioo and illustration of delivered by the injectors 114/ is returned to the vapor 

this embodiment, like parts have been given like numerals to ^ separator 178/" through a return line 186/ extending from the 

those utilized in the description and illustration of the 1 fuel rail 183£ 

embodiments above, except that a "d" designator has been Also illustrated diagramatically is the coolant system for 

added thereto the engine 2^ (see FIGS. 23 and 33)- The coolant flows 

This arrangement is very similar to the last ernbodiment through the supply pipe 132/ '™ £ 

illustrated in FIGS. 13-19. In this einbodimenU however, the coolant jacket 133a for cooling the areas ^of rhc engine 22f 

w£ motor 1*W is positioned in a space defined by the 20 surrounding the exhaust passage 92f. Preferably a pressure 

Snae^block S7J. cyUnder heads 53* S4d. and the exhaust valve 188/ is positioned along the coolant pathafier coohng 

u Manifold 164J. As illustrated, this space is somewhat the exhaust passage 92^. This pressure valve IW/is unhzed 

diamond-shaped, and is generally in theV between the . to divert coolant through a relief passa^ 18* and thereon 

Q two cylinder Ws 55* 57* * "> the coolant drain system » .the even the coolant pressure 

Q As in me prior em^ments. Tu^s^ 

m positioned so that its dnve gear is ^ent ^ fished fox motoring the ternpeVature of the coolant 

m lMd ^ mhy *^™° f ** ^ T r™™ SCrVCS t0 ^ofv^vrm/is aUop^itionTaJong the coolant path 

2 start the engine 22* as best u^strated * n J^*' ™ before L coolant passes through me cylinder 

42 While the starter motor 144W is preferably positioned in 30 ^ ^ hcad$ 52 53/ 54^ of ^ eDginc 22f. The thermo- 

U this space, other engine accessories may suitably be posi- ^ . $ fcrabry positioned along the coolant path 

tioned there as may be appreciated by those skilled in the art downstrcam of me passages 135/ 137/ through the cylinder 

4* FIG. 22 illustrates a sixth erol>odiment exhaust arrange- Wock ^ hcads 52, S3f. $4f. The control vaJve 192f is 

£ men! in accordance with the present invention. This arrange- controlled by the thermostat 19*f. such that if the coolant 

$=*j mcnt is somewhat similar to the embodiments described 35 tcmpcxamT e is high, the valve 192/ is opened to allow 

y above, and in the description and illustration of this co^^t to flow though the engine 22/* at a high rate. On the 

!lj embodiment, like parts have been given like numerals to olbcr tf mc temperature of the coolant is low. then the 

Q" those utilized in the description and illustration of the vaJvc 192/ is close* allowing the engine to warm up. 

[V cnibodiments above, except that an V designator has been Referring to FIG. 27. an exhaust passage 9*f extending 

J t added thereto. 40 through the cylinder head 53/*. S4f from each combustion 

Ul This embodiment is generally similar to that illustrated in chamber 58/ curves generally inward towards the valley 

Fjjj FiGS. 13-19 as well. In this embodiment, however, the between the cylinder banks 55/ 57/. The heads 53/. 54/ and 

mounting surfaces "M" of the exhaust manifold 164* and cylinder block 51f cooperate to define a generally "V" 

cylinder heads 53e. 54e are not in the same or even parallel ^ shaped main exhaust passage 92/ which extends vertically 

planes, as in the embodiment illustrated in FIG. 17. Instea* down through the valley to the bottom of the engine 22/ 

the mounting surfaces of the cylinder heads 53c. 54d gen- This passage 92jf leads to the passage 124/ in the exhaust 

' erally face inwardly towards one another. In this manner, the guide \22f. 

mounting surfaces lie in planes which generally intersect ^ ^ arrangement, the main gallery 14# of the lubri- 

onc another in a "V shape. x ca tii>g system preferably extends vertically through the 

This arrangement allows the exhaust manifold 164d to sit portion of the cylinder block S7f positioned between the 

deeper within the valley between the cylinder banks 55e. cylinder banks 55/ 57/ and between the coolant return 

57r. This serves to reduce the engine profile, allowing the passage 139f. 

outboard motor 20V to have a smaller outer dimension. So arrange* the coolant Jacket 133/ surrounding the 

FIGS. 23-3# illustrate a seventh embodiment exhaust 55 exhaust passage 92f is positioned on each side thereof, part 

arrangement in accordance with the present invention. This of the jacket 133/ formed within the cylinder block 52f and 

arrangement is somewhat similar to the embodiments part within each cylinder head 53f. 54/ The cylinder cooling 
described above, and in the description and illustration of jackets 137/ are positioned within the walls of the cylinder 

this embodiment, like parts have been given like numerals to block $1f adjacent the jacket 133f. but defined separately 

those utilized in the description and illustration of the therefrom. 

embodiments above, except that an *f~ designator has been This particular arrangement permits the exhaust passage 

added thereto. 92/ to be quite large, so that the flow of exhaust is restricted 
FIGS 24 and 27-30 illustrate in detail a fuel system for little. At the same time, the positioning of the waier return 
use in supplying fuel to the engine Z2f. In general, fuel is passage 139f between the exhaust passage 92/ and the 
pumped from a fuel source, such as a tank: on board the 65 lubricant gallery 142/generally isolates the lubricant system 
watercraft 24/ through a supply line 172/ by a low pressure from the high heat in the area surrounding the exhaust 

pump 174/ This pump 174f may be of the diaphragm type. passage 97f. 
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